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Abstract Trochlear dysplasia is an important risk
factor for patellar instability. Because of a decreased
trochlear depth in combination with a low lateral
femoral condyle, the patella cannot engage properly in
the trochlea. Trochleoplasty is a surgical procedure,
which strives to correct such bony abnormalities. The
aim of this study was to describe morphological fea-
tures of trochlear dysplasia and the corrective changes
after trochleoplasty on CT scan. The study group
consists of 17 knees with trochlear dysplasia having
undergone trochleoplasty for recurrent patellofemoral
dislocation at a mean age of 22.4 years. The evaluation
consisted in pre- and postoperative measurements on
the proximal and distal trochlea on transverse CT scans
in order to determine the morphological features. We
measured the transverse position and depth of the
trochlear groove, the transverse position of the patella,
the ratio between the posterior patellar edge and the
trochlear groove, the lateral patellar inclination angle,
the sulcus angle, and the lateral trochlear slope. The
trochlear groove lateralised a mean of 6.1 mm in the
proximal aspect and 2.5 mm in the distal aspect of
the trochlea, while the patella medialised a mean of
5 mm. Preoperatively the patella was lateral in relation
to the trochlear groove in 13 cases, neutral in two cases,
and medial in two cases. Postoperatively it was lateral
in four cases, in neutral position in seven cases, and
medialised in six cases, referenced to the trochlear
groove. The trochlear depth increased from 0 to
5.9 mm postoperatively in the proximal aspect of the
trochlea, and from 5.5 to 8.3 mm postoperatively in
the distal trochlea. The lateral patellar inclination an-
gle decreased from a mean of 21.9 to a mean of 7.8.
The sulcus angle decreased from a mean of 172.1 to a
mean of 133 in the proximal trochlea and from a mean
of 141.9 to a mean of 121.7 in the distal trochlea. The
lateral trochlear slope changed from 2.8 to 22.7 in the
proximal and from 14.9 to 26.9 in the distal part of
the trochlea. In the CT scan patients with trochlear
dysplasia demonstrated a poor depth, or even a flat or
convex trochlea with a greater sulcus and lateral
trochlear slope angle, a lateralised patella to the
trochlear groove with poor congruency, and a greater
lateral patellar inclination angle. Trochleoplasty can
correct the pathological features of trochlear dysplasia
by surgically creating more normal anatomy. The goal
of this surgical procedure is to steepen and lateralise
the trochlear groove for a better engagement of the
patella.
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Introduction
Trochlear dysplasia is commonly associated with
recurrent patellar dislocation with atraumatic onset [6,
9, 11, 12, 25, 32]. A positive crossing sign, a decreased
trochlear depth, and an anterior translation on a
straight lateral X-ray [11] are radiological signs of
trochlear dysplasia. These signs confirm the patho-
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anatomy of a flat trochlea and low lateral femoral
condyle. In patients with symptomatic trochlear dys-
plasia, patellofemoral subluxation or dislocation occurs
in the first 30 of flexion [1, 3, 26, 36, 37], because
patella can not engage properly [13, 27]. Extraarticular
procedures such as proximal or distal realignement of
the extensor mechanism, or reconstruction of the
medial patellofemoral ligament do not correct the in-
tra-articular anomality and have limited success in
cases of severe trochlear dysplasia. Severals authors
have described a method remodelling the trochlea for
better engagement of the patella [2, 5, 11, 25].
With the technique described by Bereiter [5], the
cartilage is peeled off and the subchondral trochlea is
remodelled to a depth and lateral position within a
normal range [14].
Aim of this study was to compare the transverse
positioning of the trochlea and the patella, the relation
between the posterior patellar edge and the trochlear
groove, the trochlear depth, the lateral patellar incli-
nation angle, the sulcus angle, and the lateral trochlear
slope in the proximal and the distal aspect of the
trochlea, on CT scans before and after trochleoplasty.
Materials and methods
Patients
The study group consisted in 17 knees of 14 patients (3
bilateral), who had undergone trochleoplasty. The
average age at surgery was 22.4 years (range, 17–
40 years). The mean follow-up was 3 years (range
2–4 years).
Indications for trochleoplasty were two or more
dislocations or one dislocation and a persistent sense of
instability. In the clinical examination, the patients
presented a positive apprehension sign [32]. All pa-
tients had radiological signs of trochlear dysplasia
(positive crossing sign, decreased trochlear depth, po-
sitive translation) [11].
Surgical technique
Through a parapatellar lateral incision, retracting the
patella medially exposes the trochlea. The cartilage is
separated along with 2 mm of bone from the condyles
using a curved osteotome. Then the subchondral
groove is deepened and lateralised. The cartilage bony
fragment is now pressed into the newly formed bony
groove and fixed with two absorbable transosseous
sutures (Vicryl-Tape, Ethicon, Norderstedt, Germany).
The insertion of the vastus medialis obliquus muscle at
the patella is tightened with one absorbable suture
(Vicryl 2-0, Ethicon, Norderstedt, Germany), while the
lateral retinaculum is left open [5, 32].
Measurement
Radiographs used for measurements were pre- and
postoperative CT scans in 0 knee extension with a
relaxed quadriceps muscle. Continuous slices of 3 mm
thickness were acquired using a Somatom plus 4
Scanner (Somatom Plus 4; Siemens Medical Solutions).
Measurements were performed on the transverse CT
images using bony landmarks. For a more exact eval-
uation of the trochlea, two axial images were used: a
proximal one, when the trochlea is initially completely
covered with cartilage [9] (Fig. 1) and a distal one,
before the trochlear groove curves into the femoral
notch [19] (Fig. 2).
The images with the widest diameter of patella were
used for measurements of the patellar positioning, the
lateral patellar inclination angle, and the relation
Fig. 1 Pre- and postoperative
axial view of the proximal
trochlea at the same level
(small differences between
the slides are caused by the
fact that patient positioning in
the CT is different pre- and
postoperatively). In the
postoperative picture (right)
the newly modelled groove
with better femoropatellar
geometry is shown. Note that
very often patella alta in
trochlear dysplasia normalises
the position
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between the posterior patellar edge and the trochlear
groove.
All measurements were performed using a PACS
Workstation (ID Station, Image Devices, Idstein Ger-
many). The principal two authors (SFF, PBS) evalu-
ated the CT scans.
According to previous studies [23, 24, 33], the
baseline (BL) is a constructed tangential to the sub-
chondral osseous contours of the most posterior aspect
of the medial and lateral femoral condyle (Fig. 3).
Perpendicular to the baseline (BL), a medial (M) and a
lateral (L) tangent are constructed. The reference
distance (R) is the distance between (M) and (L) on
the baseline (BL). The distance (R) was the reference
distance for all measurements with exception of the
depth measurement.
The reference distance for trochlear depth was the
lateral femoral condyle height (D), perpendicular to
the baseline (BL) (Fig. 4).
The absolute values were calculated in millimetres
and in percentage related to the corresponding refer-
ence.
1. Transverse shifting of the trochlea (T1, Fig. 3).
The deepest point of the bony trochlea or, in cases
with a convex trochlea the most prominent point of the
bony trochlea was marked (d) and a perpendicular
Fig. 2 Pre- and postoperative
axial view of the distal
trochlea
Fig. 4 Trochlear depth (D2): distance between the maximum
lateral condylar height (D) and the height of the trochlea sulcus
(D1)
Fig. 3 Schematic transverse slice with the baseline (BL), medial
(M) and lateral (L) epicondylar tangent perpendicular to (BL).
Distance between (M) and (L) is the reference distance (R) for
the transverse distances (T1) and (P1). (T1): shortest distance
between the lateral epicondylar tangent (L) and a perpendicular
line (D1) from the deepest or in a convex case highest point of
the trochlea (d) to the (BL) for definition of the position of the
trochlea. (P1): distance between the perpendicular taken from
the posterior patellar edge (p) and (L) for definition of the
position of the patella
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(D1) to the reference distance (R) was drawn. (T1) was
the distance between (D1) and (L).
The distance (T1) was measured pre- and postop-
eratively in millimetres. The absolute shifting of the
trochlea was calculated as the difference between the
pre- and postoperative (T1) value and evaluated in
percent in relation to (R) [(T1/R) pre- and postoper-
atively]. Less than 50% was defined as lateral.
2. Transverse shifting of the patella (P1, Fig. 3).
The bony posterior patellar edge (p) was marked
and a perpendicular (P) to the reference distance (R)
was drawn. (P1) was the distance between (P) and (L).
The distance (P1) was measured pre- and postopera-
tively in millimetres. The absolute shifting was calcu-
lated as the difference between the pre- and
postoperative (P1) value and converted to a percent-
age referenced to the distance (R) [(P1/R) pre- and
postoperatively]. Less than 50% was defined as lateral.
3. Posterior patellar edge-trochlear groove ratio
(PTR, Fig. 3).
The ratio of the posterior patellar edge and the
trochlear groove was calculated by the quotient be-
tween (P1/T1). If (P1) divided by (T1) was < 0.95, the
patella was defined as lateral, if the quotient was be-
tween 0.95 and 1.05, the relation was defined neutral
and if the quotient was > 1.05, the patella was defined
as medial.
4. Trochlear depth (D2, Fig. 4).
The trochlear depth was evaluated in millimetres as
difference between the lateral condylar height (D), and
(D1, see above) on a perpendicular to the reference
line (R).
5. Lateral patellar inclination angle (LPIA, Fig. 5).
The lateral patellar inclination angle was evaluated
prolonging the major axis of the patella laterally to
intersect the baseline (BL) [4].
6. Sulcus angle (Fig. 6).
The sulcus angle is defined by the intersection of the
lines connecting the highest point of the femoral
condyles to the deepest point of the trochlear groove
[4, 33].
7. Lateral trochlear slope (LTS, Fig. 7).
The lateral trochlear slope was calculated by means
of the baseline (BL) with a line tangential to the sub-
chondral bone of the lateral trochlear facet [9, 34, 35].
Results
1a. Transverse shifting of the proximal trochlea.
The distance (T1) decreased from a mean of
37.6 mm (range 32–45) preoperatively to a mean of
31.5 mm (range 25–40) postoperatively with a mean
lateralisation of 6.1 mm (range 0–15). We found a
lateralisation of the proximal trochlea in 16 knees, and
none in one knee.
The relation (T1/R) decreased a mean of 8% (range
1–19%) from a mean of 48% (range 33–56%) to a
mean of 40% (range 31–46%).
1b. Transverse shifting of the distal trochlea.
The distance (T1) decreased an average of 2.5 mm
(range –3 to 8), from a mean of 35.4 mm (range 31–40)
preoperatively to a mean of 32.9 mm (range 32–45)
postoperatively. We found a lateralisation of the distal
trochlea in 14 knees, while in 3 knees the distal
trochlea was medialised.
Fig. 5 Lateral patellar inclination angle (LPIA): intersection of
major axis of the patella prolonged laterally and the baseline
(BL)
Fig. 6 Sulcus angle: intersection from the highest point of the
condyles to the deepest respectively highest point of the
trochlear groove
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The relation (T1/R) decreased a mean lateralisation
of 4% (range 1–6%) from a mean of 46% (range 41–
51%) to a mean of 42% (range 38–49%).
2. Transverse patellar shifting.
The distance (P1) increased a mean of 5 mm (range
–5 to 18) from a mean of 27.1 mm (range 14–39) pre-
operatively to a mean of 32.1 mm (range 15–38) post-
operatively.
The relation (P1/R) increased a mean of 7% (range
–5 to 33%) from a mean of 34% (range 22–50%)
preoperatively to a mean of 41% (range 29–50%)
postoperatively. We found a medialisation of the pa-
tella in 13 knees. In one case the patella did not change
position, and in three cases the patella was lateralised.
3. Posterior patellar edge-trochlear groove relation
(PTR).
Preoperatively, the posterior patellar edge was lat-
eral to the deepest point of the trochlear groove in 13
knees. In two knees the relation was neutral and in
another two knees the patella was medial as referenced
to the trochlear groove. The average was 0.73 (range
0.41–1.09). Postoperatively the posterior patellar edge
remained lateral referenced to the trochlear groove in
four cases, was neutral in seven cases, and medial in six
cases. The average was 1.03 (range 0.87–1.32).
4a. Trochlear depth (D2) in the proximal trochlea.
In the proximal trochlea the trochlear depth in-
creased in all cases with a mean increase of 5.9 mm
(range 1–10) from a mean of 0 mm (range –5 to 4),
including a flat or convex trochlea in eight knees,
preoperatively to a mean of 5.9 mm (range 1–11)
postoperatively. The lateral femoral condyle height
(D) decreased from a mean of 60.1 mm (range 55–65)
preoperatively to a mean of 59.7 mm (range 54–64).
4b. Trochlear depth (D2) in the distal trochlea.
In the distal trochlea the trochlear depth increased
in all but three cases, from a mean of 5.5 mm (range 2–
10) preoperatively to a mean of 8.3 mm (range 5–13)
postoperatively with a mean increase of 2.8 mm (range
0–9). The lateral femoral condyle height (D) decreased
from a mean of 60.9 mm (range 55–67) preoperatively
to a mean of 60.4 mm (range 57–64).
5. Lateral patellar inclination angle (LPIA).
The mean LPIA decreased a mean of 14.1 (range
3–34) from a mean of 21.9 (range 5–35) preoperatively
to a mean of 7.8 (range 1–20) postoperatively.
6a. Sulcus angle in the proximal trochlea.
In the proximal trochlea the sulcus angle decreased
in all cases a mean of 39.1 (range 10–80) from a mean
of 172.1 (range 150–190) preoperatively to a mean of
133 (range 110–150) postoperatively.
6b. Sulcus angle in the distal trochlea.
In the distal trochlea the sulcus angle decreased in
all cases a mean of 20.2 (range 3–56) from a mean of
141.9 (range 118–164) preoperatively to a mean of
121.7 (range 110–135) postoperatively.
7a. Lateral trochlear slope in the proximal trochlea.
In the proximal trochlea the lateral trochlear slope
increased in all cases a mean of 19.6 (range 3–49) from
a mean of 2.8 (range –15 to 16) preoperatively to a
mean of 22.7 (range 12–35) postoperatively.
7b. Lateral trochlear slope in the distal trochlea.
In the distal trochlea the lateral trochlear slope in-
creased in all cases a mean of 12 (range 1–29) from a
mean of 14.9 (range 0–29) preoperatively to a mean of
26.9 (range 15–37) postoperatively.
Discussion
Patellar instability is a multifactorial disease, influ-
enced by active, passive, and static factors, such as
quadriceps force, ligamentous structure, and joint
geometry, respectively. Trochlear dysplasia is an
important static factor for recurrent patellar instability
[11]. In trochlear dysplasia the groove is not deep en-
ough, flat, or elevated. The patella cannot engage
properly and maltracking and dislocation can occur.
Goal of trochleoplasty is to create an anatomically
modelled trochlear groove to improve patellofemoral
Fig. 7 Lateral trochlear slope (LTS): angle between the tangent
of the lateral surface of the trochlea and the baseline (BL). (L)
lateral, (M) medial
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tracking and prevent subluxation or dislocation. In
clinical studies, no redislocation or subluxation oc-
curred [5, 32], but exact evaluation of the morpho-
logical changes after trochleoplasty is missing. Until
today radiographic outcome after trochleoplasty was
determined on plain radiographs only [32, 39]. As it
was shown that minimal rotation aberrations cause
misdiagnosis of trochlear dysplasia on plain radio-
graphs [21], it was the aim of this study to describe
the trochlear morphology and the patellofemoral
relation before and after trochleoplasty on CT ima-
ges.
One main observation was the lateralisation of the
newly modelled trochlea in the proximal part. This
morphological change seems to achieve a more ana-
tomic position, since Eckhoff has demonstrated that
the trochlear groove physiologically lays lateral of the
midplane [14]. Respecting the clinical fact that the
patella is pulled towards lateral in the late extension,
this morphological change improves the patellofemoral
engagement near extension [32].
As another feature of a dysplastic trochlea is its
insufficient trochlear depth [11, 22] an important goal
of the trochleoplasty is to increase the depth, which
was achieved in all cases.
Regarding the pre- and postoperative data, the main
morphological changes were seen in the proximal
trochlear aspect, where the trochlea seemed to have
the more pronounced abnormality, while nearly no
changes were seen in the distal trochlea.
These morphological facts correspond with the
clinical findings where the lateral subluxation of
the patella occurs during the early knee flexion, when
the patella normally enters the proximal part of the
trochlea [7, 8, 28, 29]. So the deepening and laterali-
sation must be focused on the proximal part of the
trochlea. We think that the distal aspect should be
slightly remodelled for a more harmonic patellofe-
moral kinematics in deeper knee flexion.
To study the geometry of the trochlear groove we
used the sulcus angle [6, 10, 18, 23, 30, 33]. The value
ranged between 110 to 150 in the proximal part and
between 110 and 135 in the distal part, confirming the
studies of Martinez and Reikeras [23, 30, 34] who
proved a decreasing sulcus angle from proximal to
distal. Interestingly, our population demonstrated an
almost normal value for the distal part of the trochlea.
Postoperative measurements showed a normal shape in
almost all cases.
However, in two cases we found the lateral trochlear
slope too steep, resulting in an overcorrected de-
creased sulcus angle. To avoid overcorrection, preop-
erative planning is necessary.
Regarding congruency between patella and trochlea,
our results showed a decrease of the lateral patellar
inclination angle (tilt) and a medialisation of the pa-
tella (shift), resulting in an improved patella tracking,
proven by the decreased patellar edge-trochlear groove
ratio [38].
It is known that lateral release and VMO insertion
influence the patellar tilt as well. In patients with an
underlying trochlear dysplasia, trochleoplasty not only
treats the causing pathology, but also improves the
patellofemoral joint congruency without additional
proximal soft tissue realignment procedure or transfer
of the tuberosity, which have had limited success in
patients with trochlear dysplasia [1, 15–17, 20, 31].
Overall, in trochlear dysplastic patients, trochleopl-
asty changes the trochlear morphology towards normal
values, especially in the proximal part. Specifically, the
patellofemoral congruency is improved and patellofe-
moral engagement seems to be restored even in early
flexion degrees.
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